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In Earthquake Engineering, performance-based earthquake engineering (PBEE) 
analysis is increasingly being used for structural analysis and design. Structural 
dynamic analysis based on the nonlinear finite element method is one of the most 
important tools of PBEE. As important complements to deterministic analysis method, 
finite element response sensitivity and reliability analyses can comprehensively assess 
the structural performance in the earthquake, safety and risk from the perspective of 
parameter relative importance, probability and reliability. Therefore, they subject to 
increasingly attention from academia. In addition, soil-structure interaction (SSI), as a 
crucial part in seismic response analysis due to uncertainties, can be deeply 
understood by probability and reliability mehod. In this context, this paper extends the 
direct differentiation method (DDM)-based sensitivity analysis to a buckling 
restrained brace (BRB) in nonlinear structural system. Based on this method, a real 
case study of nonlinear structure with BRBs is performed to illustrate the relative 
sensitivity of parameters. The accurate gradient obtained from DDM-based sensitivity 
analysis is combined with optimization theory to provide model updating of BRBs. 
Besides, the DDM-based sensitivity analysis is also applied to a pushover experiment 
about frozen soil-pile interaction system in Alaska in order to analyze and quantify the 
relative sensitivity of overall and local responses to each parameters. For reliability 
analysis, based on first-order reliability method and orthogonal plan sampling (OPS) 
method, time-invariant and time-variant reliability analyses of typical soil-structure 
interaction systems are performed to evaluate the application of several common 
reliability methods to complex structures and soil-structure systems. Moreover, the 
affect of soil-structure interation to the structure's failure probability is studied to 
understand the pros and cons of soil-structure interation to structural safety. Finally, 
by introducing the OPS method, this paper makes improvements to a new mixed 
reliability method "Design Point-Response Surface Method-Sampling Technique" and 














Those models and methods in this paper provide effective analysis tools for 
performance-based earthquake engineering and act as important references to the 
design and evaluation of nonlinear structures and soil-structure systems. 
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